1 0 4 beak morphology divergence in single pulse models were ~560,000 years for PC1 (95% CI: 200,000 years 1 0 5 to 1.0 My), ~170,000 years for PC2 (95% CI: 0 to 410,000 years), and ~90,000 years for PC3 (95% CI: 0 1 0 6 to 280,000 years; see Supplementary Tables 11-13 ). To compare these estimates with progression to 1 0 7 secondary contact and sympatry, we used a fine-grained geospatial database of ~178 million species 1 0 8 observation records and standard geographical range polygons, respectively (see Methods). Secondary 1 0 9 contact often occurs so rapidly that the signature of allopatry is difficult to detect in our analyses of local 1 1 0 co-occurrence (contact) and divergence time (Extended Data Fig. 4 ), suggesting that pulses may occur 1 1 1 following secondary contact or even during parapatric speciation (see below, Methods and Supplementary 1 1 2 Information). However, based on the relative timescales of trait divergence pulses and sympatry 1 1 3 establishment shown in (Fig. 4) , we also conclude that divergence pulses typically precede the 1 1 4 establishment of sympatry, and are thus unlikely to be driven by character displacement processes 3 .
5
Early pulses of ecological trait divergence theoretically reduce both competition and reproductive 1 1 6 interference among incipient species 15 , potentially overcoming constraints on sympatry 10,22 . To assess 1 1 7 whether such pulses influence rates of transition through geographical stages of the speciation process, we 1 1 8 tested whether variation in body mass and beak morphology predicted which species pairs are parapatric or 1 1 9
sympatric. Focusing on all species pairs found to locally co-occur (n = 441, see Methods), and accounting 1 2 0 1 3 8 may take place either during periods of allopatry or parapatry, with cases of both probably widespread.
3 9
The standard evolutionary trajectory implied by our best-fitting model⎯an early, pulsed divergence 1 4 0 with constrained subsequent divergence⎯can potentially explain a variety of phenomena in bird 1 4 1 speciation. Under this single pulse model, pulses vary in magnitude across species, with a fraction of 1 4 2 species undergoing large evolutionary jumps early in the speciation process, and others incurring small-1 4 3 magnitude divergence 17 . Thus, many sister species strongly resemble each other in ecological traits whether 1 4 4 they began to diverge recently or anciently, whereas a fraction of species pairs have undergone an early 1 4 5 pulse of rapid divergence, and remain highly divergent regardless of their age. One interpretation of this 1 4 6 pattern is that a species pair undergoing a small pulse of ecological trait divergence in the early stage of 1 4 7 speciation is unlikely to undergo large pulses at later stages in the absence of other speciation events, and 1 4 8 1 6 8 gradients, with or without gene flow 28 . In such contexts, it is worth emphasizing that signals of pulsed 
7 1
In combination, our results may help to resolve the longstanding question of why some nascent 1 7 2 species survive over evolutionary time while others are ephemeral. One of the major threats to young 1 7 3 lineages is the likelihood of fusion through swamping gene flow after secondary contact 16,21 . On one hand, 1 7 4
we have shown this risk is widespread among nascent bird species because the lag time to secondary 1 7 5 contact is shorter than expected (Extended Data Figs 2, 4-5), supporting the view that gene flow routinely 1 7 6 becomes possible early in the speciation process. On the other hand, our findings suggest that species pairs 1 7 7 undergoing major early pulses of ecological trait divergence are more likely to transition rapidly to 1 7 8 sympatry, escaping both fusion and mutual exclusion, thereby extending their lifespan as independent 1 7 9 lineages. Conversely, if they meet at early stages in the speciation process, species pairs with minimally 1 8 0 divergent phenotypes may incur increased hybridization rates, or increased hybrid fitness, thereby reducing 1 8 1 their lifespan. Indeed, elevated rates of extinction in less divergent young lineages may increase the 1 8 2 signature of large early pulses in datasets compiled from extant species. Thus, differential extinction 1 8 3 quality checks. Different analyses use subsets of these 952 pairs depending on data availability and quality 2 1 6 (see Supplementary Information Datasets 1-6).
1 7
Divergence times Divergence time estimates were obtained from a penalized likelihood analysis 2 1 8 implemented in r8s 30 , using the maximum likelihood topology and molecular branch lengths from the 2 1 9
Burleigh tree. We used 20 carefully-vetted fossil calibrations 24 and constrained the root of the tree to a 2 2 0 maximum age of 110 mya; applying an age constraint made little difference to estimated sister pair 2 2 1 divergence times (see Extended Data Fig. 6) . A list of the fossil calibrations (Supplementary Information 2 2 2 Dataset 6) and a command block for the r8s analyses are available in the Supplementary Information. We 2 2 3 performed sensitivity analyses using alternate sets of divergence time estimates, both from bootstrap 2 2 4 analysis of the Burleigh tree, and from an independent phylogenetic and dating analysis 25 (see 2 2 5 Supplementary Information).
6
Ecological trait measurements Body mass Divergence in body size may be a strong contributor to 2 2 7 ecological divergence, potentially reducing interspecific competition 4,31 or reproductive interference 9 . We 2 2 8 compiled data on body mass (a proxy for body size) from updated global datasets
. When multiple body 2 2 9 mass values were reported, we took the mean; when male and female body masses were reported 2 3 0 separately, we calculated an average of the two sex-specific means. We estimated body mass divergence as 2 3 1 the difference between species in natural log of mean body mass 17 .
3 2
Beak morphology Species with similar body mass may partition niches according to diet. Thus, to quantify 2 3 3 differences in foraging ecology among sister species, we collected three beak measurements (culmen 2 3 4 length, beak depth, beak width) associated with food item selection and manipulation 10, 35, 36 
where WL (wing length) is the length of the closed wing from carpal joint to wing tip, and SL (secondary 2 5 4 length) is the distance from the carpal joint to the tip of the first secondary feather. As a secondary index of 2 5 5 dispersal, we also used range maps 41 to assess migratory behaviour. If either member of a pair was 2 5 6 illustrated as migratory to any degree, the species pair was scored as migratory. Secondary contact We estimated local co-occurrence using ~178 million bird species observation records 2 6 0 stored in the eBird observational record database 42, 43 . For a given species pair, local co-occurrence was 2 6 1 defined as the occurrence of both species on the same day at the same reported locality. We also produced 2 6 2 a narrower dataset of breeding range local co-occurrence by checking the dates and localities of co-2 6 3 occurrence records against breeding range maps 41 and breeding phenology 3 2
. To qualify as evidence of 2 6 4 breeding range local co-occurrence, species had to be reported on the same day and in the same locality 2 6 5 during known breeding seasons of both species 32 and within the known breeding range of one of the two 2 6 6 species 41 . All sister species pairs for which breeding local co-occurrence has been documented were 2 6 7 considered to have established secondary contact for the purposes of downstream analyses.
6 8
Because co-occurrence is unlikely to be reported for species with very few observations, we 2 6 9 excluded sister pairs where at least one species had fewer than 10 eBird sightings reported. Our co-2 7 0 occurrence scores likely underestimate the true extent of co-occurrence among species pairs, as even after 2 7 1 this filtering process, the minimum number of observations strongly predicts the probability of species pair 2 7 2 local co-occurrence in our data set (GLM with the log of the minimum observations as sole predictor: Supplementary Tables 14-17). We also checked observational evidence for co-occurrence, discounting 2 7 6
cases likely attributable to anthropogenic introductions and excluding cases potentially based on 2 7 7 misidentifications or taxonomic confusion (see included and excluded species pairs in SI Datasets 1 and 6). To examine the tempo and timing of body mass and beak PC1 divergence, we investigated the relative 2 9 0 support for four models of divergence for the species pairs from the full dataset for which body mass or 2 9 1 beak morphology data were available (n = 869 species pairs for body mass, n = 926 species pairs for beak 2 9 2 morphology). We fit one model of time-independent bounded evolution, and three different models that where the expected number of displacements for a given divergence time is determined by a Poisson 2 9 8
process. We examined relative support for these models using AIC from likelihood calculations performed 2 9 9 in R. We calculated confidence intervals for the Poisson rate parameter λ , the inverse of which is taken as 3 0 0 the expected waiting time to a pulse, using likelihood profiling. best predict local co-occurrence or sympatry while accounting for the effects of three variables that may 3 0 8
influence the timing of transitions from allopatry to sympatry: divergence time 12 , latitude 9 and dispersal 3 0 9 ability 39 . The predictors of primary interest were between-species disparity in two traits implicated in and centered, such that estimated slope magnitudes for individual variables are meaningful in relation to 3 2 0 one another.
2 1
For GLM examining the probability of sympatry versus parapatry, we first limited the sister species 3 2 2 data set to those pairs that locally co-occur in breeding ranges. This restriction focuses the analysis on taxa 3 2 3
that have the opportunity to interact to some degree in the breeding season 48 . The response variable in 3 2 4
GLM is the geographic configuration: parapatric (interacting but without substantial range overlap) versus 3 2 5 sympatric (having substantial range overlap: >20% of the smaller range in the analyses presented in the 3 2 6 main text). We again used a genetic algorithm (see Supplementary Information) to generate model variants 3 2 7
and performed model selection using the R package glmulti 45 .
2 8
To assess the sensitivity of our results to uncertainty in phylogenetic inference and divergence time Burleigh tree, and for each of the 10,000 psuedo-posterior samples from the Jetz tree. Simulations of range dynamics To aid in the interpretation of our GLM predicting local co-occurrence, we 3 3 7 performed stochastic range dynamic simulations 39 . We used these simulations to place an approximate 3 3 8 lower bound on the rate of secondary contact establishment from an initially allopatric configuration. To pairs coming into secondary contact by given points in time following divergence (100,000 years, Bird speciation typically involves a sequence of geographical states, starting with an allopatric ph whereas punctuated models involve stasis punctuated by pulses, which can follow the onset of coe 3 5 7
(e) or precede it (f). Note that secondary contact (orange) is extended when traits are similar (e), a 3 5 8 reduced when traits have already substantially diverged in allopatry (f). Results of generalized linear models assessing the relative importance of predictors of breeding ra fitted to the proportion of sister pairs in sympatry (blue curve; assumes sympatry is secondary). 
